Purpose -The purpose of this paper is to examine the discharge volume of domestic solid waste in rural China and to explore the potential impact of various factors that contribute to it. Design/methodology/approach -The data used in this study come from a large-scale field survey conducted in six Chinese provinces. Based on the collected survey data, econometric model on the determinants of domestic solid waste discharge was constructed and used for analysis. Findings -Results from the study show that the per capita daily discharge of rural domestic solid waste was close to 1 kg in 2010, slightly less than the urban level of 1.2 kg. Results from descriptive statistical analysis and econometric estimation indicate that by implementing selected policy measures, the discharge of solid waste can be significantly reduced. In addition, the discharge of domestic solid waste is also closely related with local socio-economic development. In particular, the results show an obvious inverted U-shaped curve between discharge volume and income. The increase of off-farm labor opportunities would also reduce solid waste discharge in rural China. Originality/value -This paper focuses on domestic solid waste discharge and its determinants in rural China, a research area very important but seldom reported.
Introduction
In recent years, the discharge of rural domestic solid waste in China has been increasing, and now threatens the sustainability of rural environment. In the traditional agricultural economy of China, rural domestic solid waste was usually used as feed or manure, while only a very small amount of solid waste was discharged into the environment (Wu et al., 2006) . However, with the rapid development of China's rural socio-economy, the ability to recycle domestic solid waste has declined dramatically, and the massive discharge of rural domestic solid waste has posed serious impacts on rural environment (Liu et al., 2005; Li, 2008; Geng, 2009; Xie et al., 2009 ). According to a survey conducted in 114 villages in 2008, the proportion of rural domestic solid waste accounted for 49.5 percent of all rural pollution sources in 2008 (Tang and Zuo, 2008) . The Ministry of Environmental Protection in China (MEPC, 2009) reported that the degree of satisfaction of rural interviewees regarding waste treatment is remarkably lower than that of urban respondents.
Rural domestic waste pollution has attracted considerable attention from the Chinese Government. In 2005, for the first time, the law of the People's Republic of China on the prevention and control of environmental pollution by solid waste incorporated rural domestic waste into the scope of public administration. In 2009, the Ministry of Finance and the Ministry of Environmental Protection issued Interim Measures for the Management of Special Funds for Rural Environmental Protection, and the No. 1 document of the central government in 2010 emphasizes to "control waste and sewages to improve the living environment of rural areas". Some local governments have also implemented management measures to deal with the discharge of rural waste. For instance, some developed regions such as Beijing, Shanghai and Zhejiang have carried out rural waste treatment projects since 2005 (Luo, 2006) .
In spite of governmental efforts, the inherent characteristics of waste discharge, inadequate facilities, and management measures bring many difficulties to rural domestic waste management. Compared to urban areas, domestic waste in rural areas is discharged in a much more decentralized manner, which causes extreme difficulties for supervision and management (MEPC, 2009) . Further, since the scale of domestic waste produced by rural households was relatively small in traditional agricultural economy, the development of disposal facilities and management measures used to handle waste lagged behind. In recent years, although support from the central and local governments regarding policies, resources, funds and technologies for waste management in rural areas has increased dramatically, it is still far from enough to make up the inadequacies. As a result, the problem of rural domestic solid waste is becoming more serious in most regions in China (He et al., 2010) .
Although a significant number of studies have examined the discharged amount of domestic solid waste in urban areas, few are on rural areas. The discharge numbers for urban domestic solid waste by region are available from the Environment Statistic Yearbook (NBSC, 2009), however, there are no such statistics for rural areas. To understand this issue, some researchers conducted the field survey themselves. However, except a large field survey in 31 provinces organized by Ministry of Health and Chinese Association of Health in 2006 (Wei et al., 2007) , most studies on this issue are either based on small-scale surveys (such as three to six villages) or just simply case studies of some demonstration projects (Wang et al., 2004; Ren, 2006; Shan et al., 2006) . Similarly, there are many studies on the determinants of domestic solid waste discharge for urban areas, both in China and in other countries. However, few studies are available for the domestic solid discharge in rural China. According to reports from various countries, an effective waste management policy can reduce the amount of urban household waste (Pearce and Turner, 1993; Karen et al., 1997) . Other studies show that socio-economic development affects waste generation rates in urban areas (Richardson and Havlicek, 1978; Khan and Burney, 1989; Dayal et al., 1993; Henricks, 1994; The World Bank, 2001 ). Some research shows that there is an inverted "U-shaped" curve relationship between the discharge of solid waste and income level in urban areas (Hockett et al., 1995; Yang et al., 2003; Nick and Julien, 2004; Mazzanti, 2008;  Domestic solid waste discharge Ichinose et al., 2011) . The determinants of domestic solid waste discharge in rural areas are also seldom reported. Although we could find some studies analyzing the possible relationship between waste discharge and socio-economic factors in rural areas, their analyses are descriptive in nature. For example, based on data collected in three villages in Zhejiang province, He et al. (2010) suggested that the domestic waste output in village and town residential communities was positively related to regional economic development.
To provide sufficient evidence for decision makers to implement relevant policies to manage rural solid waste pollution, we have to answer the following questions: what is the total discharge of rural domestic solid waste in China? Are there any observable patterns and trends? Are there regional differences of waste discharge? What are the major determinants of solid waste discharge? Is the discharge volume influenced by some policy and socio-economic factors? The goal of this paper is to answer these questions by conducting in-depth quantitative analysis on domestic solid waste discharge volume and its determinants in rural areas of China.
The following paper is organized as four sections. The first section describes the data and frames the issue of domestic solid waste. Section 2 details the observable pattern of waste discharge. Section 3 analyzes the determinants of the discharge volume of rural domestic solid waste using both descriptive and econometric methods. The final section concludes by summarizing major findings and providing policy recommendations.
Data
In 2010, a large-scale on-site survey was carried out in six provinces of China, including Beijing, Jilin, Hebei, Anhui, Sichuan, and Yunnan. The selection of these provinces was made by jointly considering geographical distribution and socio-economic development. Geographically, three provinces (Beijing, Jilin and Hebei) are from the north of China, and the other three (Anhui, Sichuan and Yunnan) are from the south. In terms of per capita GDP, Beijing is the highest among those six provinces, followed by Jilin, Hebei, Anhui, Sichuan and Yunnan.
Stratified random sampling was used in each province for the sample selection. First, we divided all counties in each province into three quantiles by rural residents' per capita 2009 annual net income. In each quantile, we randomly selected one county for survey. Then, by the same method we selected two townships in each county and three villages in each township. Therefore, the survey samples include six provinces, 17 counties, 34 townships and 105 villages.
The survey was conducted by face-to-face interviewing village leaders such as the village party secretary, the village head, and accountants who are familiar with the village itself. To ensure data quality, we conducted strict indoor training for all enumerators and also carried out a field training in the suburbs of Beijing before formally beginning the survey. The questionnaire covers a wide range of contents, including not only the discharge volume and management system arrangement of rural domestic solid waste, but also some physical, social and economic features of each village. The summary of the descriptive statistics of these variables can be found in Appendix 2.
Measuring the volume of discharged domestic solid wastes is critical but difficult. In order to get relatively accurate data, we applied two important means during the survey. First, during the village leader survey, we randomly invited eight farmers to participate in the survey and allowed the leaders to discuss with them for a consistent estimation.
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Second, given most rural people have common knowledge about capacity of certain type of vehicle, we used it as a proxy mean to measure the volume instead of directly asking for amount. The detail questionnaires see Appendix 1.
In the survey, rural domestic solid waste was defined as including almost all wastes that were discharged from the daily activities of rural households. These wastes are largely made up of food and kitchen waste, various plastics, glasses, papers, textiles and leather, metal, clinker and their by-products. This definition is very close to that used by Yang and Li (2006) . In addition, it is necessary to note that since our definition is the discharge (not generation) of domestic solid waste, which means that if households sell or recycle part of their domestic solid waste, those parts are not included in our definition.
Discharge volume and characteristics of rural domestic solid waste
Per capita daily discharge of rural domestic solid waste is close to 1 kg, which is slightly lower than the urban level in China. The survey data shows that the per capita daily discharge of rural domestic solid waste in 2010 is 0.96 kg, which is slightly higher than the data (0.9 kg) obtained in 2006 based on a survey made in 6,590 villages in 31 provinces by Ministry of Health and Chinese Association of Health (Wei et al., 2007) [1]. However, this number is slightly lower than the 1.34 kg calculated by Wang et al. (2004) in his survey of nine villages in six provinces. In 2010, the per capita daily discharge of urban domestic solid waste in China was 1.2 kg (Geng, 2010) . That is to say, the per capita daily discharge of domestic solid waste in rural areas is approximately 80 percent of that in urban areas.
Although the per capita daily discharge of rural domestic solid waste is relatively low, its pollution is seemly much more serious than that of the urban domestic solid waste, considering that most villages in China do not have good recycling and treatment capacities. According to our survey, only 52 per cent of the 105 sample villages were equipped with waste storage tanks and waste bins. Even more important is that the waste treatment modes of those villages with waste treatment service generally lag behind other areas. According to our survey, only 39 percent of the villages with waste treatment service apply harmless modes of treatment, that is to say, the calculated harmless treatment ratio of rural domestic solid waste is only 28 percent. However, the situation in urban areas is much better, with the harmless treatment ratio in 2009 reaching 71 percent in urban areas (NBSC, 2010) .
The annual average discharge volume of rural domestic solid waste is rising, with a growth rate higher than that of urban domestic solid waste. In 2010, the rural population in China was 675 million (NBSC, 2010) , and it is estimated that, based on 0.96 kg of discharge per capita per day, the total discharge of rural domestic solid waste in China was about 236 million tons/year. It is estimated that the discharge of rural domestic solid waste reached 140 million tons in 2000 (Yang and Li, 2006) . Based on the present discharge of 236 million tons, from 2000 to 2010, the discharge of rural domestic solid waste actually increased by 69 percent. In the same period, the discharge of urban domestic solid waste increased from 114 to 157 million tons, an increase of 38 percent (NBSC, 2001 (NBSC, , 2010 . That is to say, the discharge of rural domestic solid waste shows a more rapid growth rate than that in urban areas.
The per capita daily discharge of rural domestic solid waste varies significantly across regions in China. The survey result shows that, on average, the per capita daily Domestic solid waste discharge discharge of rural domestic solid waste ranges from 0.58 to 1.46 kg in the six sample provinces. Among these, the per capita daily discharge of rural domestic solid waste in Yunnan province is about 0.58 kg, which is only 39.7 percent of that in Beijing (1.46 kg) (Figure 1 ).
4. The determinants of rural domestic solid waste discharge 4.1 Descriptive statistical analysis International experiences demonstrate that policy measures have played a significant role in reducing the discharge of residents' domestic solid waste (Pearce and Turner, 1993; Karen et al., 1997) . For example, previous studies show that policy which focuses on enhancing waste recycling can significantly reduce the discharge of domestic solid waste (Pearce and Turner, 1993) . The recycle rate of solid waste can be enhanced by training people how to recycle solid waste (Haan et al., 1998; UNEP, 2001; Samonporn and Vilas, 2008) .
Faced with increasing pressure from rural environmental pollution due to the discharge of domestic solid waste, policy makers in China have taken some measures to reduce the discharge of rural residents. Based on our survey, one of the major policy measures that have been taken is the waste treatment and recycling utilization policy, which trains village residents on how to treat and increase the recycled rate of solid waste and to reduce the volume of discharge. This kind of training was organized by the local governments, mainly by the township governments. Technicians were sent to villages to provide instructions on the treatment and recycling of domestic solid waste. The techniques most frequently taught to village residents were using waste to produce organic fertilizer, and using domestic solid waste for biogas production. According to our survey, 10 percent of villages have carried out this kind of training, and this figure varies among provinces. For instance, in Beijing city and Yunnan Province there have 31 and 22 per cent of the villages carried out this kind of training, respectively, but in Sichuan, Hebei and Jilin province, none of the villages carried out this kind of training (Table I) .
Our results show that if village residents attended training on the treatment and recycling of domestic solid waste, their discharge of solid waste was lower afterwards. For example, for those villages whose residents attended the training program, their per capita daily discharge of domestic solid waste is 0.93 kg (Figure 2) . However, for those villages whose residents did not attend any kind of training program on how to increase the treatment and recycling rates of domestic solid waste, their per capita daily discharge of domestic solid waste is higher, at 0.97 kg. The discharge difference between these two kinds of villages is about 4 percent. In addition to policy measures, existing research has addressed the close relationship between socio-economic development and the discharge of solid waste. Based on research results in developed countries, there exists a reverse inverted "U-shaped" curve relationship between the discharge and income level in urban areas (Hockett et al., 1995; Nick and Julien, 2004; Mazzanti, 2008; Ichinose et al., 2011) . That is to say, when the per capita income level is relatively low, the per capita daily discharge of domestic solid waste will rise with income growth, but after the income level has reached a certain threshold, the discharge of domestic solid waste will decline.
The descriptive statistical analysis of our data shows that the inverted U-shaped curve relationship between the discharge of domestic solid waste and income level also likely exists in the rural areas in China (Figure 3 ). For example, when the per capita annual net income increases from 2,700 to 8,700 (Yuan RMB), the average per capita daily discharge of domestic solid waste increases from 0.81 to 1.49 kg. However, when the per capita Domestic solid waste discharge annual net income increases from 8,700 to 12,700 (Yuan RMB), the average per capita daily discharge of domestic solid waste decreases from 1.49 to 0.40 kg.
To better understand the relationship between socio-economic development and the discharge of domestic solid waste in rural areas, we also explore the relationship between opportunities for off-farm work and the discharge level. The descriptive statistical analysis demonstrates that if village residents have higher opportunities to work in non-agricultural sectors, the per capita daily discharge of solid waste will be lower. For example, for households with less than a 10 percent share of off-farm laborers, the average per capita daily discharge of solid waste is 1.45 kg (Figure 4) . The average per capita daily discharge of solid waste decreases from 1.04 to 0.87 kg when the share of off-farm laborers increases from 10 percent to more than 40 percent. The reason behind the results may be that if village laborers work at off-farm activities, most of them find off-farm job work outside of their own villages and also eat there. Therefore, their consumption residue has been discharged outside of the village.
Econometric model analysis
In order to better understand the determinants of domestic solid waste in rural areas, we have specified the following econometric model based on survey data in 105 villages in six provinces in China: 
where dependent variable W i represents the average per capita daily discharge of domestic solid waste (kg) for household i. Among the independent variables on the right of the equation, P i and I i are our variables of interest, where P i represents policy interventions, measured by whether technicians were sent to villages to provide instructions on the treatment and recycling of domestic solid waste. This is a dummy variable where, if yes, P i equals 1, otherwise, it is 0. Variable I i represents socio-economic development, measured by three kinds of indicators. First, we include per capita annual net income of village residents to measure socio-economic development. To capture the possible non-linear relationship between waste discharge and income, we also include the square of per capita annual net income of village residents into the equation. The third indicator that measures socio-economic development is the share of off-farm laborers in the village. In addition to policy and socio-economic variables, we also include one set of control variables (Z i ) into the equation. These control variables are measured by cultivated land per household (ha), share of village laborers who received education higher than the middle school level (percent), share of rural households that use coal as a primary energy source (percent), and distance from the village to the nearest highway (km). To control some local constant variables that influence the discharge of domestic solid waste, we also include a county dummy variable (D i ). In the equation, a is an absolute term, b, d, u, r are parameters under estimate, and 1 is a random disturbance term.
The econometric model performs very well (Table II) . The adjusted R 2 of the model reached 0.23, which is high for cross-sectional data. The coefficient signs of control variables are consistent with our expectations, and most of them are Per capita waste discharge (kg/ person · day)
Policy variable
Technicians were sent to villages to provide instructions on the treatment and recycling of domestic solid waste (1 -yes; 0 -no) 2 0.604 (1.78) * Socio-economic development Per capita annual net income of village residents (RMB 10,000/year) 2.544 (1.81) * Square of per capita annual net income of village residents (RMB 10,000/year) 2 2.080 (2.26) * * Share of off-farm laborers over the total labor force (%) 2 1.338 (1.81) * Control variables Per household cultivated land (ha) 2 1.111 (1.59) Share of laborers receiving education higher than middle school (%) 2 3.060 (2.17) * * Share of laborers over in the total population (%) 2.608 (2.77) * * * Share of rural households that use coal as living energy (%) 2 0.385 (0.54) Distance to the nearest highway in township-level or above (km) 2 0. Notes: Significant at: * 10, * * 5 and * * * 1 percent levels; numbers in parentheses indicate the absolute value of t-statistics Domestic solid waste discharge statistically significant. For example, the coefficient of the share of village laborers who received an education higher than middle school level is negative and statistically significant. This implies that if more village residents receive an education higher than middle school level, they have more knowledge about how to increase the recycle utilization rate and are more concerned about environmental protection; hence, the discharge of solid waste will be lower. Results of econometric analysis also show that the higher the share of a labor force in the village, the larger will be both the domestic consumption ability of the village residents and the per capita daily discharge of solid waste.
More importantly, consistent with results from descriptive analysis, econometric estimation results show that the implementation of solid waste recycling and disposal policies can significantly reduce the discharge of domestic solid waste in rural areas. Results show that the coefficient of whether village residents attend trainings on waste treatment or recycling is negative and statistically significant (Table II) . The reason may be that, through trainings about waste treatment or recycling solid waste, village residents can obtain more knowledge and information about how to recycle.
This result can be seen from the significantly positive estimate for variable income and the significantly negative parameter for its quadratic item. The Kuznets inverted U-shape suggests that per capita waste generation is raising with income at low income levels, but will fall after income reach a certain level.
As expected, the relationship between the discharge of rural domestic solid waste and annual net income of village residents presents an inverted U-shaped curve. This result can be seen from the significantly positive coefficient for income and the significantly negative coefficient for quadratic income (Table II) . This verifies our hypothesis that when the per capita annual net income of village residents is relatively low, per capita daily discharge tends to increase with income growth. However, when the income level rises to a certain degree and goes beyond, per capita daily discharge will decrease with income growth. Based on the estimation results, we calculated the income level at the turning point. Our results show that when per capita income raises to above 6,115 RMB Yuan (or US$968), per capita daily waste discharge will start decreasing with income growth. According to the official statistical data, in 2010, there are 12 provinces in China that annual net income of rural residents is higher than this level, and 19 provinces that annual net income of rural residents is lower than this level. This indicates that currently, the discharge of rural domestic solid waste in most regions of China is still rising with income growth.
The inverted U-shaped curve relationship between the discharge of domestic solid waste and income may be closely related to the change of some consumption customs caused by increased income. When the per capita annual net income is relatively low, along with the growth of the per capita annual net income, village residents are able to afford more processed foods or packaged foods, thus leading to more waste. When income rises to a certain level and goes beyond, rural consumers become more concern with environment quality, and tend to purchase and use more environmental friendly products, which may generate less inconsumable wastes, such as buying some green food (e.g. green vegetables) that can be consumed safely and do not need to throw away some of them components.
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Similar to descriptive statistical analysis, the per capita daily discharge of solid waste in rural areas is negatively related with the share of off-farm laborers. The estimation results indicate that the coefficient of the share of off-farm laborers is negative and statistically significant (Table II) . This implies that along with the growth of the share of off-farm laborers, the discharge of solid waste in rural areas can be significantly reduced. This may due to the fact that (as mentioned above) if village laborers work at off-farm activities, most of them find work outside of their own villages and also eat there. Thus, their consumption residue is discharged outside of the village, which results in the reduction of solid waste discharged in their home villages.
Conclusions and policy implications
Based on the 2010 field survey data of 1,104 rural households in 105 villages from six provinces of China, this paper analyzes the discharge volume and structural characteristics of rural domestic solid waste in China, as well as the potential impacts of different factors on the discharge of solid waste. The research results show that the 2010 per capita daily discharge of solid waste in rural China was 0.96 kg, which is approximately 80 percent of that from urban consumers. Although the per capita daily discharge of solid waste in rural areas is lower than that of urban areas, the harmless treatment ratio of solid waste in rural areas is only one-third that of urban areas. Considering the huge rural population, the environmental pollution caused by rural domestic solid waste is much more serious. In addition, from the perspective of the overall discharge of domestic solid waste, rural areas reached 236 million tons in 2010, at a growth rate higher than that of urban waste discharge.
The results of the descriptive statistical analysis and econometric model analysis reveal that the implementation of solid waste recycling and disposal policies can significantly reduce the discharge of solid waste in rural areas. The Chinese Government can reduce the per capita daily discharge of solid waste by implementing more such policies. For example, it can carry out waste recycling training and encourage more village residents to use biogas facilities to recycle their daily waste.
In addition, our results show an obvious inverted U-shaped relationship between the per capita daily discharge of rural domestic solid waste and per capita annual net income of village residents. The switching point of the inverse U-shape is estimated to be 6,115 RMB Yuan (or US$968). The per capita daily discharge of rural domestic solid waste shows an increasing trend in areas with a relatively low income level. Therefore, the state should place more emphasis on such areas and help improve their waste treatment and management. Note 1. Different from our survey where we designed several relevant indicators to estimate the discharge of domestic solid waste, they directly designed the indicator for the discharge volume of domestic solid waste. Note: Domestic solid wastes are wastes discharged from the daily activities of village residents, including food and kitchen waste, various plastics, glasses, papers, textiles and leather, metal, clinker and their by-products. Please note that our definition is the discharge (not generation) of domestic solid waste, it means that if residents sell or recycle part of their domestic solid waste, those parts are not included in our survey. 
